ABSTRACT
INTRODUCTION
• MEP: motor evoked potential: response generated in a muscle when its corresponding 127 representation in the M1 is stimulated using TMS
128
• Motor Threshold: Intensity of TMS required to generate a minimally perceptible (usually pre-129 defined as ≥ 50µV), consistent MEP response in muscle. Used to signify corticospinal excitability
130
• Corticospinal output: amplitude of MEP generated with a suprathrehsold TMS pulse reflecting 131 output of corticospinal neurons dedicated to the muscle.
132
• Short-interval intra-cortical inhibition: tested here using paired pulses of TMS delivered to a 133 single site in M1 representing a contralateral muscle. When a sub-threshold pulse (called 134 conditioning pulse) precedes a suprathreshold pulse (called test pulse) at a short interval (such as 135 2ms), then it reduces the amplitude of MEP typically generated with the test pulse delivered alone.
136
The level of reduction is called intra-cortical inhibition, signifying excitability of inhibitory inter-137 neuronal networks that ultimately modulate output from corticospinal neurons.
138
• Short-interval intra-cortical facilitation: Similarly, when a sub-threshold conditioning pulse 139 precedes a test pulse at a long interval (such as 10ms), then it amplifies the amplitude of MEP 140 typically generated with the test pulse delivered alone. The level of gain is called intra-cortical 141 facilitation, signifying excitability of facilitatory intra-cortical inter-neuronal networks.
142
• Short-interval inter-hemispheric inhibition: evaluated here using paired supra-threshold pulses, 143 but this time instead of being delivered to a single site in M1, they are each delivered to homologous 144 sites in bilateral M1s. Pulses in the present study were delivered at an interval of 12ms. The 145 conditioning pulse preceding the test pulse to the opposite hemisphere inhibits MEPs typically 146 generated with the test pulse delivered alone. This inter-hemispheric inhibition exerted by the 147 conditioning upon the test hemisphere is believed to be conducted via transcallosal pathways. 
Procedures

161
We measured isometric strength of left elbow flexion and processes within M1 that could 162 potentially explain strength, including corticospinal, short-interval intra-cortical and inter-hemispheric 163 influences within the representation of biceps brachii in right M1. The reason for choosing to investigate 164 non-dominant biceps was that a previous study had discussed greater differences in corticospinal 165 excitability between aged and young for the non-dominant side (Sale and Semmler 2005 
TMS Recordings
182
TMS was applied using figure-of-eight coils (70 mm) connected to one or two Magstim devices Using single-pulse TMS, we identified the optimal site in right M1 devoted to left biceps. We 193 determined this site based on a criterion-its ability to evoke MEPs of ≥ 50μV (peak-to-peak) amplitude 194 in 3 out of 5 trials. The lowest intensity of TMS pulse used to evoke these consistent, minimally 195 perceptible MEPs in resting biceps was called the resting motor threshold, serving to define bias of 196 excitability within the corticospinal system (Devanne et al. 1997). We also noted corticospinal output.
197
For this, supra-threshold intensity of TMS was used to evoke large, supra-maximal MEPs in resting 198 biceps in 3 out of 5 trials. Intensity ranging up to 95% of maximum stimulator output was delivered to 199 generate a criterion MEP (0.1-0.5 mV peak-to-peak amplitude). The criterion range was set lower than 200 that generally adopted for study of distal hand muscles (~1mV) because it is difficult to evoke larger 
204
Using paired-pulse TMS, we investigated short-interval intra-cortical excitability in the 205 representation of biceps in right M1. When paired pulses are delivered at short inter-pulse intervals (1-206 5ms), MEP amplitude is inhibited, a phenomenon termed as short-interval intra-cortical inhibition. At 207 long intervals (7-15ms), the MEP size is facilitated, termed as short-interval intra-cortical facilitation 208 (Ziemann et al. 1996) . The sub-threshold conditioning pulse was set to deliver TMS at intensity of 90% 209 of resting motor threshold, while the subsequent supra-threshold test pulse was delivered at TMS 210 intensity evoking supra-maximal MEP (0.1-0.5 mV peak-to-peak amplitude). To define short-interval 211 intra-cortical inhibition, we delivered paired pulses at intervals of 1 through 5ms, and we examined elbow flexion were full-wave rectified. EMG was averaged over a 1-s period when maximal force was 231 generated during a trial. Over five trials, we noted (in millivolts, mV) the mean and maximal EMG 232 generated in biceps brachii. The levels of EMG in biceps could not be normalized because we did not 233 collect the compound muscle action potential. Evoking such a potential in biceps brachii using electrical 234 stimulation of Erb's point or musculocutaneous nerve could be uncomfortable for older adults. 
RESULTS
275
Details of subjects enrolled in both groups are presented in (Fig. 3a, b) .
292
Since the overall omnibus F was significant for multivariate effect of gender, we continued to 293 examine its univariate main effects. We found a significant univariate main effect of gender for maximal (Fig. 1b) . A univariate main effect of gender could also be noted for 296 short-interval intra-cortical inhibition, but this was not significant. Males tended to have greater short-297 interval intra-cortical inhibition than females (22.09 ± 5.15% vs. 35.14 ± 4.1%; F 1, 28 = 2.97, p= 0.096) 298 (Fig. 3c) . 299 We found that measures of strength and voluntary muscle activation were related to corticospinal 300 excitability, intra-cortical excitability and inter-hemispheric inhibition only in older adults. Mean force 301 of elbow flexion was negatively related with motor threshold (r= -0.38, p= 0.044, n=28) (Fig. 4a) . 302 Again, in older adults alone, mean EMG of biceps during elbow flexion was positively related to 303 corticospinal output (r= 0.43, p= 0.024, =28), and short-interval intra-cortical inhibition (r= -0.54, 0.008, n=23) (Fig. 4b) , and showed a trend towards association with inter-hemispheric inhibition (r= -0.38, p= 305 0.073, n=23) (Fig. 4c) 
DISCUSSION
309
Our pilot study investigated processes within M1 that relate to age-based changes in elbow 310 flexion strength. We have found that corticospinal, intra-cortical and inter-hemispheric excitability relate 311 to elbow flexion strength or activation of biceps brachii muscle, but they do so only in older adults. representing muscle strength, extending it beyond its traditionally viewed scope in dexterity. We, 325 however, present an important caveat. By noting an age-based divergence in the relationship of M1 to strength, we suggest that changes in strength, than its maintenance, may invoke M1's role. Its 327 adaptations may manifest with increasing demands, such as in a weakening neuromuscular system in 328 aging, or even with intensive strength training in younger, healthier system.
329
Regarding age-related differences in M1 processes, we found that inter-hemispheric inhibition is ). In our present study, older adults who generated greater biceps activity 375 showed higher intra-cortical inhibition, potentially, as a marker of their ability to focus output from 376 biceps, while weaker older adults relied upon lower inhibition to spread activation to agonist muscles.
377
The direction of association between intra-cortical inhibition and biceps activity in older adults . We however failed to note age-associated differences. 
431
Substrates of M1 may thus not play a critical role in maintaining strength in an efficiently performing 432 young nervous system, while they may be significant in adapting with 'increasing' demands as in age- effect of age group-by-gender that was not significant; however, the effect of gender was significant 675 (**p< 0.001) with males consistently showing higher force than females in both age groups. and EMG values were higher for the young than the old subject. 
